Introduction
In the United States, recent estimates suggest that approximately 20% of MSM who have HIV are unaware of their status [4] , and modeling studies show that approximately 50% of new infections stem from these individuals [8] . Testing is a cornerstone of HIV prevention efforts, since it can facilitate early diagnosis and treatment (i.e., "test and treat") and may ultimately reduce HIV incidence through "treatment as prevention." For this reason, current Centers for Disease Control and Prevention (CDC) guidelines suggest that MSM should be tested for HIV at least annually, but ideally every 3-6 months if they have had a new sex partner since their last test [5] .
Past research has identified a number of demographic and behavioral factors that are associated with HIV testing among MSM in the US. For example, some studies have shown that demographic characteristics such as older age, having a college education, and gay or homosexual sexual orientation identity were associated with lifetime testing. Studies investigating racial/ethnic differences in testing, however, have shown mixed results, with some suggesting that racial/ethnic minority MSM may be more likely to have tested within their lifetimes or the past year [10, 15] , and others suggesting no differences in testing rates between racial/ethnic minority MSM and White MSM [11, 13] . Several behavioral characteristics have also been identified. For example, studies have shown that those who have engaged in condomless anal sex (CAS) may be more likely to test [15, 19] , while others found that those who inject drugs may be less likely to test [19] . Using national survey data [6] , also showed that men and women who were classified as "hazardous drinkers" [according to criteria established by the National Institute on Alcohol Abuse and Alcoholism (NIAAA)] were less likely to have ever tested, compared Abstract Men who have sex with men (MSM) continue to be at especially high risk for HIV in the United States. Past studies have shown that rates of HIV testing differ across a number of demographic and behavioral factors, and this research may be helpful for targeting efforts to increase testing among certain subgroups of MSM. In this study, MSM were recruited from several online sources to complete a questionnaire on HIV testing. Generalized ordered logit models suggested that the odds of having tested within the last 12 months were higher among racial/ethnic minority MSM, those with a college degree, and those who engaged in more recent HIV-risk behavior. The odds of having tested within the last 12 months were also higher among those who reported having sex with a partner they met online in the last 12 months. Conversely, the odds of having tested in the last 12 months were lower among those who reported drinking alcohol heavily, when compared with more moderate drinkers, highlighting yet another potential impact of alcohol on HIV outcomes.
Keywords HIV · Routine testing · Gay and bisexual men · LGBT · Internet with lighter drinkers. Similarly, in a study of MSM [19] , showed that heavy drinking was negatively associated with HIV testing. While difficult to synthesize given differences across samples and outcomes (i.e., lifetime testing versus recent testing), these study findings nevertheless contribute to both the scientific literature and public health efforts to identify at-risk subgroups that test less frequently than recommended.
Given that MSM increasingly use the internet to meet sex partners, understanding rates of HIV testing among MSM who use smartphone apps and internet websites to seek partners is of increasing interest (e.g., [14] ). Past studies suggest that internet-mediated sexual partnerships may be a frequent source of sexually-transmitted infections (e.g., [3] ), in part because these apps/sites provide quick access to more partners [9, 12] . At the same time, these apps/sites may also provide users with greater anonymity, which may lead to less social responsibility for safety [2, 7] . Some past studies also suggest that a greater percentage of MSM who use apps/sites to meet partners do not identify as gay or may be on the "down low" [17, 18] and so, may be uncomfortable testing for HIV regularly and less likely to engage with traditional clinical services [16, 20] . Together, these studies raise concerns that MSM who use the internet to meet partners may be less likely to test for HIV regularly, while at the same time engaging in more risk. The few available studies exploring rates of HIV testing among MSM who meet partners online, however, show mixed results. For example [15] , showed that a higher proportion of MSM who use Grindr had never tested in their lifetimes, but that more Grindr users had tested in the last year compared to MSM who did not use the app. Given their growing popularity, further research on rates of HIV testing among those who use the internet/ smartphone apps to meet partners is needed, and may help guide prevention efforts aimed at increasing testing among those most at-risk.
In this study, we examined rates and predictors of having tested for HIV within CDC-recommended intervals among MSM in the northeastern US who were recruited from several online sources. Specifically, we explored whether certain demographic and behavioral factors were associated with having tested within at least the minimum recommended interval (every 12 months), as well as those that were associated with having tested with the more optimal recommended interval (every 6 months).
Method Participants
Participants were recruited from the greater Boston, Massachusetts and Providence, Rhode Island areas from June 2016 to June 2017. Participants were recruited from a variety of online sources, including social media platforms (e.g., Facebook, Instagram, Reddit, and Craigslist) and MSMoriented smartphone dating apps (e.g., Grindr and Scruff). Eligible participants were (1) males, (2) over age 18, (3) who reported anal sex with another man in the past 12 months, (4) self-reported being HIV-negative or unsure, and (5) were able to read in English. Those who reported (6) currently taking pre-exposure prophylaxis (PrEP) were excluded, since these individuals should receive HIV testing as a part of routine PrEP care.
Procedures
Advertisements placed on each of these platforms inquired about participants' interest in participating in an online survey on "gay and bisexual men's health." Those expressing interest were directed to a survey landing page, where they were provided with information about the study before completing the full survey. Online questionnaires were developed and hosted using Qualtrics survey software (Qualtrics, LLC). To ensure that participants were unique, they were required to enter complete, unique contact information at the end of the survey, including first and last name, email address, and phone number. Those who did not or who completed multiple entries were excluded from analyses. Multiple survey entries from the same IP address were blocked to prevent "ballot stuffing." The survey took an average of 15 min to complete, and participants were not paid. Procedures were approved by the Brown University Institutional Review Board.
Measures

Demographics
The survey inquired about participants' demographic characteristics, including age, gender, relationship status, income, education, race, ethnicity, and sexual identity.
Sex with Partners Met Online
A single yes/no item was used to assess whether participants had engaged in sex (oral or anal) with a male partner they met online in the last 12 months.
HIV Testing and Other Behavioral Variables
HIV testing was assessed by first asking participants whether they had tested for HIV in their lifetime, followed by an item asking about how long ago they last tested for HIV. Participants could use an interactive calendar to respond to this question to aid in recall and could report only month and year if they were unsure. Sexual risk behavior was assessed by asking participants whether they had ever engaged in anal sex without a condom or without having taken PrEP with a partner outside of an exclusive, monogamous sexual relationship. A follow-up item assessed when this behavior last occurred, and participants could use an interactive calendar to assist them in responding. PrEP use was assessed by asking participants whether they had been prescribed PrEP in the last 6 months and whether they were currently taking PrEP.
Alcohol and Drug Use/Problems
Three items assessed participants' recent (i.e., past 30 days) pattern of alcohol use, including their drinking frequency (Never to 4 + times per week), drinking quantity (1 or 2 drinks on each occasion to 10 or more), and frequency of "binge" drinking, or having 5 or more drinks on one occasion (Never to Daily or almost daily). The Alcohol Use Disorders Identification Test (AUDIT) was used to assess alcohol-related problems in the past 12 months. The AUDIT is a 10-item questionnaire that is one of the most commonly used screening instruments for alcohol-use disorders and has excellent reliability and validity [1] . Those who scored > 8 were classified as high-risk for alcohol-related problems. The drug abuse screening test (DAST-10) was used to assess drug-related problems, and those who scored > 3 were classified as high-risk for drug-related problems [21] . Finally, a single item was used to assess whether participants had used injection drugs in the past 3 months.
Data Analysis
We first examined the final dataset thoroughly, excluding those who provided any incomplete or duplicate contact information. We then explored variables of interest for extreme or implausible values and outliers, and deleted these cases listwise. Next, we calculated descriptive statistics for the study variables. We then generated an ordinal response variable that reflected whether participants had tested within the minimum CDC-recommended interval of 12 months, versus within the more ideal 6 month interval. As such, this outcome variable was coded 0 if participants had not tested within the last 12 months, 1 if they had tested within the last 12 months but not the last 6 months, and 2 if they had tested within the last 6 months. Then, we created indicator variables for binary predictors and calculated descriptive statistics for the sample and each outcome category. Indicator variables reflecting meaningful comparisons were generated for categorical demographic and behavioral predictors. For example, age was categorized into general age groups, with 0 = 18-24 year olds, 1 = 25-34, and 2 = > 35 years old. "Minority status" reflected participants who reported race other than White and/or Hispanic/Latino ethnicity. "Low income" reflected participants who reported personal income < $30,000, which is less than a living wage in urban northeastern cities. Consistent with criteria used by the National Institute on Alcohol Abuse and Alcoholism (NIAAA), "hazardous drinking" participants were those who had > 5 drinks on a single occasion in the past month or > 14 drinks in a typical week.
While we initially estimated an ordinal logistic model with time since last test as the outcome, likelihood ratio (χ 2 [24] = 120.6, p < 0.001) and Brant tests (χ 2 [24] = 114.7, p < 0.001) suggested that several predictors did not meet the parallel regressions assumption (i.e., that the relationship between each predictor and outcome level is the same). As such, we then estimated a partial proportional odds model using the ordinal testing variable as the outcome [23] . This model allowed us to estimate separate odds ratios for only those explanatory variables for which the association appeared to vary across each outcome category. Odds ratios were used to interpret associations between each predictor and the model outcome.
Results
Descriptive Statistics
Overall, 1506 MSM completed the entire survey and met basic eligibility criteria for the study (see Table 1 for descriptive statistics). Of those who were eligible, 54% reported having tested for HIV within the last 6 months, 15% reported having tested within the last 12 months, and 31% reported having last tested 12 months or more in the past.
Partial Proportional Odds Model of HIV Testing in the Past Year or 6 Months
The full proportional odds model (LRχ2 [15] = 146.7, p < 0.001) provided an overall odds ratio for each predictor that reflected the odds of having tested within the last 12 months versus 12 months or more ago. However, when the odds ratios comparing testing within the last 12 months versus the last 6 months differed substantially from these comparisons for specific predictors, separate odds ratios were estimated for each comparison. Results suggest that only the odds ratios for education and employment differed when comparing testing within the last 12 months (versus not) and testing within the last 6 months versus within the last 12 months. Among MSM with a college degree, the odds of having tested within the last 12 months were 1.5 times higher than those without a degree, but their odds of having tested within the past 6 months (versus within 12 months) were not different than those without a college degree. The odds of having tested at least in the last 12 months were also 1.4 times higher among racial/ethnic minority MSM than White MSM. In those who reported at least one episode of CAS within the last 12 months, the odds of having tested within that same time period were about 1.3 times higher than those who had CAS a year or more ago or never. Next, the odds of testing within at least the last 12 months were more than 3 times higher among those who had sex with a partner they met online than those who did not. The odds of testing in the last 12 months were 2.6 times lower among those who injected drugs in the last 3 months than those who had not. However, we would interpret these results with some caution, since fewer than 40 participants (2.4%) in the overall sample reported having injected drugs in the past 3 months. Finally, the odds of testing within the last 12 months were 1.4 times lower among MSM who reported "hazardous drinking," compared with those who drank more moderately. Unadjusted testing rates show that 34% of hazardous drinkers had not tested in the last year compared with 30% of more moderate drinkers, and that 49% of hazardous drinkers had tested in the last 6 months compared with 56% of more moderate drinkers. See Table 2 for model results.
Discussion
In this sample of MSM who were recruited online in the northeastern United States, findings suggested that over half reported testing at least once in the last 6 months, in line with the CDC's most stringent current recommendations on the frequency of HIV testing for MSM. However, roughly 31% reported not having tested within the last year, exceeding the recommendation that all MSM test at least annually. This is approximately consistent with recent data suggesting that approximately 1 in 4 MSM who are infected with HIV are unaware of their infection [4] , and affirms calls to increase testing in this particularly affected population. Moreover, these rates are consistent with those reported in meta-analyses of studies exploring rates of HIV testing among "internet-using" MSM [14] . Our results add, however, that those MSM who have used the internet to meet a sex partner in the last 12 months had substantially higher rates of testing than those who had not. While one explanation for this difference could be that MSM who meet partners online have more partners or engage in more risk and thus are more vigilant about testing regularly, it is also notable that this finding was observed even after controlling for having engaged in UAS with a casual partner in the last year. Another explanation could be that, in recent years, many gay-oriented dating sites/apps (e.g., Grindr) have begun advertising HIV testing to their users and allowing users to include their most recent HIV test among their profile information. As such, it is possible that MSM who have met partners online may have had more exposure to this information, which reinforced the need to test regularly. While the result is clear, the mechanisms of this relationship are yet unknown.
Models examining demographic and behavioral predictors of HIV testing showed that the odds of having tested in the last 12 months were higher among MSM with a college degree, when compared with those who did not have a college education. This finding is consistent with at least one past study, which showed that MSM without a college education were more likely to have never tested in their lifetimes [13] . Our results also suggest racial/ethnic minority MSM had a higher odds of having tested in the last 6 months compared with White MSM. Testing rates were especially high among African American, Hispanic/Latino, and multiracial MSM, with over two-thirds of these participants having tested at least once in the last 6 months. These findings are consistent with some past studies (e.g., [10, 15] ), but contrast with others showing no differences in testing rates in racial/ethnic minority MSM compared to White MSM [11, 13] . Together, these findings suggest that continued efforts to connect those with less formal education with testing are needed, but that similar efforts to boost testing among African American and Hispanic/Latino MSM in the Northeast may be making progress toward addressing high HIV incidence in these subgroups. Among behavioral predictors, the odds of having tested within at least the last 12 months were higher among those who reported having engaged in CAS with a casual partner in the last year when compared to those who had not. This finding is consistent with several past studies [10, 15, 19] , and suggests that those who are at highest risk for HIV are more likely to have tested recently. Our results also suggested that MSM who reported recent injection drug use were less likely to have tested within the CDC-recommended intervals. While this conclusion is largely similar to those reported in past research [13, 15] , it should likely be interpreted with caution in this sample, since fewer than 40 participants reported injection drug use in the past 3 months.
Finally, our findings also suggest that those who drink at levels considered "hazardous" by NIAAA guidelines may be less likely to test at CDC-recommended intervals. That is, those who drank 4 or more drinks on a single occasion at least once in the past month, or drank 14 or more drinks in a typical week, may be less likely to have tested within the past 6-12 months, as recommended. These findings are consistent with two past studies suggesting that heavier drinkers may be less likely to test within recommended intervals [6, 19] . Our study provides further evidence of this association specifically among MSM, adding to a growing body of evidence supporting yet another way that alcohol may have harmful effects on HIV outcomes. Yet, it is interesting that this association emerged specifically for alcohol use, and that those with alcohol-related problems were no less likely to test than those who did not. This pattern of findings could suggest that those who drink heavily but either (1) do not drink heavily enough to experience problems, or (2) are not willing to acknowledge problems, may be uniquely less likely to believe that their drinking puts them at risk for HIV or see the need to test regularly. Alternatively, it is possible that more of those who acknowledge current alcohol-related problems may have sought out alcohol/drug treatment in the recent past and may have been connected with HIV testing through these programs. In the northeast, many drug and alcohol treatment facilities and programs have adopted recommendations described in the literature encouraging them to provide on-site, "opt-out" rapid HIV testing [22] . As such, if more of those reporting alcohol-related problems have had contact with these facilities, they may have been connected with testing through these programs. Overall, these results suggest the need for initiatives to encourage regular HIV testing among MSM who drink heavily but who do not necessarily see their drinking as problematic. 
Limitations
While this study adds to the available literature by exploring rates and predictors of HIV testing, several limitations should be noted. First, these data are cross-sectional and focused on participants' self-reported most recent HIV test, which may have been difficult to recall for some participants. This approach limits our ability to understand patterns in HIV testing among participants over time and assumes that their most recent test reflects their typical testing behavior. Second, our findings reflect those reported from a sample of MSM from the northeastern United States who were recruited via the internet. As such, while these results are informative, they may not generalize to MSM in other geographic areas or MSM recruited using other methods (e.g., in-person outreach).
Summary
In summary, this study explored rates and predictors of HIV testing among MSM in the northeast who were recruited online. Results suggest that MSM who engaged in more recent HIV-risk behavior and who reported sex with partners they met online may be more likely to test at CDC-recommended intervals, compared with those at lower risk or who met partners in other ways. The odds of testing within these intervals were higher among minority MSM and those with a college education, compared with White MSM and those without a college degree. Finally, the odds of having tested for HIV recently were lower among those who were heavier drinkers. Further research should explore ways of expanding HIV testing among heavy-drinking MSM who do not necessarily experience or acknowledge alcohol-related problems, such as in-person or virtual outreach efforts focusing on gay-oriented bars and drinking venues.
